The formwork and falsework in the construction of twin ribbed slab decks on a multi-span ecological bridge for a dual carriageway are presented. The bridge is situated in a valley plain which is crossed by small rivers and was designed principally with the environment in mind. The bridge length is over 356 m, and the width of the decks is 11.5 m. For the bridge works, a simple conventional falsework system was chosen with steel frames for the supports and steel rolled beams for the decks. The formwork was constructed in solid timber and plywood as multiple-use panels. The falsework was designed in order to build the two 10-span bridge decks in stages. The decks are continuous cast-in-situ prestressed concrete twin rib with spans of 30 m, 34 m and 45 m. An individual falsework system was designed, which was easy to move transversally following completion of each stage for one deck. After finishing each stage, for the second deck, the falsework was dismantled and used again in the next construction fronts. An individual arrangement for the falsework along with timber pilings was used to cross the biggest river. The formwork timber panels were used several times in the multistage bridge construction. The adopted falsework system is very simple, but it allowed the speedy construction of the two decks where there were severe time constraints.
Introduction
 Span-by-span construction of continuous prestressed concrete bridges is one of the most effective cast-in-situ techniques in the case of span lengths between 20 m and 45 m [1] [2] [3] . Different types of falsework and construction technologies are used depending on the existing constraints and construction potentiality. German contractors have great experience in building span-by-span long girder bridges using typical falsework or self-launching gantries [4] [5] [6] . Using a repeated construction cycle enables economic gains at the construction site [1] [2] [3] [4] [5] [6] [7] [8] .
The paper presents falsework and formwork structures which were developed for a dual superstructure construction for a multi-span ecological viaduct over 356 m in length on the Stargard Szczeciński bypass in north-western Poland. The
The Bypass Project and the Ecological Viaduct
The S10 Expressway Project between Szczecin and Stargard Szczeciński, in north-western Poland, was divided into several sections (contracts). The last section to be constructed was the southern bypass of Stargard Szczeciński (Fig. 1) . The total length of the dual-carriageway bypass is 13.5 km. For the project, nine viaducts and two footbridges were constructed. The number of constructed culverts is 61, due to environmental and wet terrain conditions. Three new D DAVID PUBLISHING Fig. 1 A general view of the falsework supports when constructing Stages 1 and 2 is shown in Fig. 7 . The prop heads were equipped with hydraulic presses for lowering the falsework. The rolled beams in the falsework decks were supported on top steel caps using centering rods and levering stands. The structure of the lower bases allowed the transversal movement of the falsework. The falsework and formwork assembly for the first segments of the north deck is shown in Fig. 8 . In Stages 3 to 7, both decks were built span by span, using timber panels for 1.70-m deck depth.
In order to allow for deformation in the construction joints, additional tie rods were used to clamp the falsework beams at the end of the previously-constructed cantilever sections of the viaduct decks. A view of the following falsework segments for the north deck is shown in Fig. 9 . The transversal movement of the falsework was done with the help of small hydraulic jacks (Fig. 10) . A general view of the falsework after transversal movement and formwork assembly for the south deck is shown in Fig. 11 . The last sections of the falsework and pile foundation for Stage 8 of the deck construction are shown in Fig. 12 .
The introduction of intermediate supports in the falsework assembly allowed the use of shallower rolled beams for the falsework decks and a reduction in the influence of the cast deck segments on bending moment distribution in the cantilever sections of the decks. The design of clamping rods for the falsework beams near the technological joints lowered their deflection and ensured continuity of the formwork in these areas.
Concrete placement and cable prestressing in successive segments of both decks were carried out from December 2008 to August 2009. The main contractor for the viaduct was Bergerbau GmbH-Polish Unit, Wrocław (Poland). The falsework was delivered and assembled by C.O. Weise GmbH & Co. KG, Dortmund and Berlin (Germany). The authors of the paper prepared the formwork, falsework and timber pilling designs and were responsible for supervising the falsework construction.
Conclusions
The designed and assembled falsework structures enabled the speedy and effective construction of two parallel viaduct decks in prestressed concrete. The falsework supports and decks featured simplicity and great adaptability for different construction conditions. The technical design for the falsework construction included designs for ground improvement, falsework and formwork. Appropriate cambers were prepared separately for each deck and for each stage of the viaduct construction. The falsework technical details presented in the paper come from a system developed by the falsework supplier. Their simple structure and universality allowed for the speedy design and effective construction in stages of two continuous twin ribbed decks of over 365 m in length.
